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POLYSACCHARIDE DERIVATIVE, METHOD
FOR PRODUCING THE SAME, AND
SEPARATING AGENT

TECHNICAL FIELD

The present invention relates to a novel polysaccharide
derivative, a method for producing the polysaccharide
derivative, and a separating agent containing the polysac-
charide derivative.

BACKGROUND ART

A polysaccharide derivative obtained by modifying the
hydroxyl groups or amino groups of a polysaccharide with
various types of substituents is known to serve as a chiral
stationary phase in chromatography to show a high optical
resolution, and a large number of kinds of polysaccharide
derivatives have been heretofore synthesized.

As such a polysaccharide derivative useful as a separating
agent for optical isomers, for example, a polysaccharide
derivative that contains a structure in which hydroxyl groups
or amino groups at 2-position and 3-position (and 6-posi-
tion) of the polysaccharide are substituted with different
specific substituents is proposed (see Patent Document 1).
As another polysaccharide derivative useful as a separating
agent for optical isomers, a polysaccharide derivative is
proposed in which hydroxyl groups or amino groups of the
polysaccharide are substituted with two or more different
specific kinds of substituents, and particularly a substituent
at the 2-position and 3-position and a substituent at the
6-position are different from each other (see Patent Docu-
ment 2).

CITED LIST
Patent Documents

Patent Document 1: WO 2008/029785
Patent Document 2: WO 1992/015616

SUMMARY OF INVENTION
Technical Problem

However, there is room for further studies on polysac-
charide derivatives having a specific kind of a substituent at
a specific position, particularly on polysaccharide deriva-
tives having specific substituents different from each other at
the 2-position and the 3-position that are difficult to distin-
guish in the introduction of the substituents into a hexose.

The present invention has been achieved in consideration
of the above-mentioned situation, and an object of the
present invention is to provide a novel polysaccharide
derivative capable of being used for a separating agent for
optical isomers, a method for producing the polysaccharide
derivative, and a separating agent containing the polysac-
charide derivative.

Solution to Problem

In order to achieve the above-mentioned object, the
present invention provides a polysaccharide derivative con-
taining a structure in which a hydrogen atom of a hydroxyl
group or an amino group at the 2-position in a structural unit
of'the polysaccharide is substituted with a monovalent group
represented by the following general formula (1), and a
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hydrogen atom of a hydroxyl group or an amino group at the
3-position in the structural unit is substituted with a mon-
ovalent group represented by the following general formula

@

RL-NH—CO— 1)

R>—NH—CO— )

in which R! and R? represent substituted or unsubstituted
aryl groups which are different from each other.

The present invention further provides a polysaccharide
derivative in which the above-mentioned polysaccharide is
cellulose or amylose. The present invention still further
provides a polysaccharide derivative in which the R' is a
3,5-dichlorophenyl group, and the R? is a 3,5-dimethylphe-
nyl group.

The present invention provides a method for producing a
polysaccharide derivative, including the step of causing a
polysaccharide derivative raw material containing a struc-
ture in which the hydrogen atoms of the hydroxyl or amino
groups at the 2-position and the 3-position in a structural unit
of the polysaccharide are substituted with monovalent
groups identical to each other represented by the following
general formula (1):

RL-NH—CO— 1),

in which R represents a substituted or unsubstituted aryl
group, to react with a compound represented by the follow-
ing general formula (3):

RZ—NCO (3),

in which R? represents a substituted or unsubstituted aryl
group different from R’, to thereby substitute one of the
monovalent groups represented by the above general for-
mula (1) with which the hydrogen atoms of the hydroxyl or
amino groups at the 2-position and the 3-position have been
substituted, with a monovalent group represented by the
following general formula (2):

R>NH—CO— ),

in which R? has the same definition as the R* in the above
general formula (3).

The present invention further provides a separating agent
containing the above-mentioned polysaccharide derivative.

Advantageous Effects of Invention

The present invention can provide a novel polysaccharide
derivative capable of being used for a separating agent for
optical isomers, a method for producing the polysaccharide
derivative, and a separating agent containing the polysac-
charide derivative.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view showing a '"H-NMR spectrum of cellu-
lose tris(3,5-dichlorophenylcarbamate).

FIG. 2 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 3 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 4 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.
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FIG. 5 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 6 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 7 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 8 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 9 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 10 is a view showing a 'H-NMR spectrum of
cellulose tris(3,5-dimethylphenylcarbamate).

FIG. 11 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 12 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 13 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 14 is a view showing a "H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 15 is a view showing a "H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 16 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 17 is a view showing a "H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 18 is a view showing a "H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 19 is a view showing a "H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

FIG. 20 is a view showing a 'H-NMR spectrum of a
reaction product when the polysaccharide derivative accord-
ing to the present invention is produced.

DESCRIPTION OF EMBODIMENTS

Hereinafter, an embodiment (hereinafter, referred to sim-
ply as “the present embodiment™) in order to carry out the
present invention will be described in detail, as required,
with reference to the drawings. However, the present inven-
tion is not limited to the following present embodiment, and
various changes and modifications may be made without
departing from the gist.

The polysaccharide derivative according to the present
embodiment contains a structure (hereinafter, referred to as
“a predetermined structure) in which a hydrogen atom of a
hydroxyl group or an amino group at the 2-position in a
structural unit of the polysaccharide is substituted with a
monovalent group represented by the following general
formula (1), and a hydrogen atom of a hydroxyl group or an
amino group at the 3-position in the structural unit is
substituted with a monovalent group represented by the
following general formula (2). The polysaccharide deriva-
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tive may be constituted only of the predetermined structure,
and may further contain another structure.

RL-NH—CO— 1)

R>NH—CO— )

where R* and R? each represent substituted or unsubstituted
aryl groups which are different from each other. In the
present specification, “hydrogen atom of an amino group”
means one hydrogen atom out of two hydrogen atoms.

The above-mentioned polysaccharide is not particularly
limited as long as at least having hydroxyl groups or amino
groups at the 2-position and the 3-position. Examples of
such a polysaccharide include -1,4-glucan (cellulose), a-1,
4-glucan (amylose, amylopectin), a-1,6-glucan (dextran),
p-1,6-glucan (pustulan), p-1,3-glucan (curdlan, sizofiran),
a-1,3-glucan, p-1,2-glucan (Crown Gall polysaccharide),
p-1,4-galactan, $-1,4-mannan, a-1,6-mannan, [3-1,2-fructan
(inulin), p-2,6-fructan (levan), p-1,4-xylan, p-1,3-xylan,
p-1,4-chitosan, [-1,4-N-acetylchitosan (chitin), pullulan,
agarose, alginic acid, a-cyclodextrin, -cyclodextrin, y-cy-
clodextrin, nigeran, and starch containing amylose.

Among these, preferable polysaccharides are cellulose
and amylose, and a more preferable one is cellulose, from
the viewpoint of the optical resolving power.

The number-average polymerization degree (an average
number of pyranose or furanose rings contained in one
molecule) of a polysaccharide is preferably 5 or higher, more
preferably 10 or higher; and there is particularly no upper
limit, but the number-average polymerization degree is
preferably 1,000 or lower from the viewpoint of the easiness
ot handling, more preferably 5 to 1,000, still more preferably
10 to 1,000, and particularly preferably 10 to 500.

In the above general formulae (1) and (2), R and R? each
represent substituted or unsubstituted aryl groups which are
different from each other. The aryl group includes aryl
groups containing a condensed ring having 6 to 30 carbon
atoms, and examples include a phenyl group, an indenyl
group, a naphthyl group, an anthryl group, a phenanthryl
group, a fluorenyl group, a pyrenyl group, a biphenyl group,
and a terphenyl group. Among these, a phenyl group is
preferable from the viewpoint of the optical resolving
power.

Examples of a substituent that R' and R? may have
include one or more substituents selected from the group
consisting of: hydrocarbon groups that have 1 to 12 carbon
atoms and may contain a hetero atom; a cyano group;
halogen atoms; a hydroxy group; a nitro group; an amino
group; and di(alkyl having 1 to 8 carbon atoms)amino
groups (that is, amino groups having alkyl groups having 1
to 8 carbon atoms as substituents). Among these, hydrocar-
bon groups that have 1 to 12 carbon atoms and may contain
a hetero atom, and halogen atoms are preferable. Preferable
hydrocarbon groups that have 1 to 12 carbon atoms and may
contain a hetero atom are alkyl groups having 1 or 2 carbon
atoms, and a preferable halogen atom is a chlorine atom.

Monovalent groups represented by the above general
formulae (1) and (2) (hereinafter, substituted carbamoyl
groups in which one substituted or unsubstituted aryl group
is bonded to a carbamoyl nitrogen atom like the ones
represented by the above general formulae (1) and (2) are
collectively referred to as a “predetermined carbamoyl
group”) may not be substituted for all of the hydrogen atoms
of'a hydroxyl group or an amino group at the corresponding
positions in the above-mentioned structural unit as long as
the substitution is in the range of being capable of providing
an effect of the optical resolving power by these groups. The
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degree of substitution of a predetermined carbamoyl group
to the polysaccharide derivative according to the present
embodiment is preferably 70 to 100%, more preferably 80 to
100%, and particularly preferably 100%.

Here, the degree of substitution (%) is defined as follows.
That is, in the polysaccharide derivative according to the
present embodiment, the degree of substitution (%) is a ratio
of the total number of a predetermined carbamoyl group in
the polysaccharide derivative according to the present
embodiment to the total number of hydroxyl groups or
amino groups in the above-mentioned structural units in the
case where the predetermined carbamoyl group is assumed
to be substituted for all of the hydrogen atoms of the
hydroxyl groups or hydrogen atoms of the amino groups in
the structural units. The degree of substitution can be
determined by utilizing a known analysis method including
NMR and an elemental analysis capable of identifying one
or both of the kind and the bonding position of a predeter-
mined carbamoyl group, and can also be determined
depending on the kind of a predetermined carbamoyl group
or the bonding position of a substituent.

For example, in the case where a predetermined carbam-
oyl group is substituted only for hydrogen atoms of hydroxyl
groups in the polysaccharide derivative according to the
present embodiment, the above-mentioned degree of substi-
tution is a numerical value obtained by multiplying a ratio of
the number of the predetermined carbamoyl groups after the
substitution to the total number of the hydroxyl groups of the
polysaccharide by 100. In the case where a predetermined
carbamoyl group is substituted only for the hydrogen atoms
of the amino groups, the degree of substitution is a numeri-
cal value obtained by multiplying a ratio of the number of
the predetermined carbamoyl group after the substitution to
the total number of the amino groups of the polysaccharide
by 100. Further in the case where a predetermined carbam-
oyl group is substituted for hydrogen atoms of hydroxyl
groups and amino groups, the degree of substitution is a
numerical value obtained by multiplying a ratio of a total
number of the predetermined carbamoyl groups after the
substitution to the total of a total number of the hydroxyl
groups and a total number of the amino groups of the
polysaccharide by 100.

The 2-position substituent obtained by substituting a
hydrogen atom of a hydroxyl group or an amino group with
a monovalent group represented by the above general for-
mula (1) (hereinafter, referred to as a “predetermined 2-po-
sition substituent”) is preferably a substituent obtained by
substituting a hydrogen atom of a hydroxyl group with a
monovalent group represented by the above general formula
(1). In the predetermined 2-position substituent, R" is pref-
erably a substituted or unsubstituted phenyl group, more
preferably a phenyl group having substituents at the 3-po-
sition and the 5-position, still more preferably a 3,5-dichlo-
rophenyl group or a 3,5-dimethylphenyl group, and particu-
larly preferably a 3,5-dichlorophenyl group.

The 3-position substituent obtained by substituting a
hydrogen atom of a hydroxyl group or an amino group with
a monovalent group represented by the above general for-
mula (2) (hereinafter, referred to as a “predetermined 3-po-
sition substituent™) is different from the predetermined 2-po-
sition substituent. The predetermined 3-position substituent
is preferably a substituent obtained by substituting a hydro-
gen atom of a hydroxyl group with a monovalent group
represented by the above general formula (2). In the prede-
termined 3-position substituent, R? is preferably a substi-
tuted or unsubstituted phenyl group, more preferably a
phenyl group having substituents at the 3-position and the
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S-position, still more preferably a 3,5-dichlorophenyl group
or a 3,5-dimethylphenyl group, and particularly preferably a
3,5-dimethylphenyl group.

The polysaccharide derivative according to the present
embodiment, in the case where the structural unit is a
hexose, may contain a structure in which the 6-position
carbon atom further has a substituent. The 6-position sub-
stituent in the structural unit is preferably a substituent
obtained by substituting a hydrogen atom of a hydroxyl
group or an amino group at the 6-position with a predeter-
mined carbamoyl group, and more preferably a substituent
obtained by substituting a hydrogen atom of a hydroxyl
group at the 6-position with a predetermined carbamoyl
group. The 6-position substituent is preferably the same
substituent as the predetermined 2-position substituent or the
predetermined 3-position substituent, and more preferably
the same substituent as the predetermined 3-position sub-
stituent.

The polysaccharide derivative according to the present
embodiment, as well as containing the above-mentioned
predetermined structure, may contain a structure, as a struc-
ture other than the predetermined structure, having substitu-
ents excluding the above-mentioned predetermined 2-posi-
tion substituent and predetermined 3-position substituent as
at least one of a 2-position substituent and a 3-position
substituent. The polysaccharide derivative according to the
present embodiment may contain a structure, as a structure
other than the predetermined structure, having a 2-position
substituent and a 3-position substituent different from each
other. In the structure, one of the 2-position substituent and
the 3-position substituent different from each other is pref-
erably a substituent obtained by substituting a hydrogen
atom of a hydroxyl group or an amino group with a
predetermined carbamoyl group, and more preferably a
substituent obtained by substituting a hydrogen atom of a
hydroxyl group with a predetermined carbamoyl group.

The polysaccharide derivative according to the present
embodiment may contain a structure, as a structure other
than the predetermined structure, in which a 2-position
substituent and a 3-position substituent are identical to each
other. The 2-position substituent and 3-position substituent
that are identical to each other are preferably a substituent
obtained by substituting a hydrogen atom of a hydroxyl
group or an amino group with a predetermined carbamoyl
group, and more preferably a substituent obtained by sub-
stituting a hydrogen atom of a hydroxyl group with a
predetermined carbamoyl group. The above 2-position sub-
stituent and 3-position substituent that are identical to each
other are preferably the same as one of the 2-position and
3-position substituents in the above predetermined structure.

In the polysaccharide derivative according to the present
embodiment, in the case where the hydrogen atoms of the
hydroxyl or amino groups at the 2-position and the 3-posi-
tion in the structural unit of the polysaccharide are substi-
tuted only with predetermined carbamoyl groups, and in the
case where the predetermined carbamoyl groups are com-
posed of two kinds of carbamoyl groups, the molar ratio
(a:b, hereinafter, the same) of both the carbamoyl groups at
the 2-position is preferably 80:20 to 30:70, and more pref-
erably 50:50 to 40:60. The ratio of both the carbamoyl
groups at the 3-position in this case is preferably 40:60 to
10:90, and more preferably 15:85 to 10:90. The two kinds of
carbamoyl groups are both preferably substituted or unsub-
stituted phenyl groups as the substituted or unsubstituted
aryl groups, more preferably phenyl groups having substitu-
ents at the 3-position and the S5-position, and still more
preferably a 3,5-dichlorophenyl group or a 3,5-dimethylphe-
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nyl group. It is particularly preferable that among the two
kinds of carbamoyl groups, one carbamoyl group having a
ratio represented by the above “a” has a 3,5-dichlorophenyl
group as the substituted or unsubstituted aryl group, and one
carbamoyl group having a ratio represented by the above “b”
has a 3,5-dimethylphenyl group.

In the polysaccharide derivative according to the present
embodiment, in the case where hydrogen atoms of a
hydroxyl group or an amino group at the 2-position, the
3-position and the 6-position in the structural unit of the
polysaccharide are substituted only with predetermined car-
bamoyl groups, and in the case where the predetermined
carbamoyl groups are composed of two kinds of carbamoyl
groups, the molar ratio (a:b, hereinafter, the same) of both
the carbamoyl groups at the 2-position is preferably 80:20 to
30:70, and more preferably 50:50 to 40:60. The ratio of both
the carbamoyl groups at the 3-position in this case is
preferably 40:60 to 10:90, and more preferably 15:85 to
10:90. The ratio of both the carbamoyl groups further at the
6-position in this case is preferably 0:100. The two kinds of
carbamoyl groups are both preferably substituted or unsub-
stituted phenyl groups as the substituted or unsubstituted
aryl groups, more preferably phenyl groups having substitu-
ents at the 3-position and the 5-position, and still more
preferably a 3,5-dichlorophenyl group or a 3,5-dimethylphe-
nyl group. It is particularly preferable that among the two
kinds of carbamoyl groups, one carbamoyl group having a
ratio represented by the above “a” has a 3,5-dichlorophenyl
group as the substituted or unsubstituted aryl group, and one
carbamoyl group having a ratio represented by the above “b”
has a 3,5-dimethylphenyl group.

The polysaccharide derivative according to the present
embodiment can be produced by the following method. That
is, the production method of the polysaccharide derivative
according to the present embodiment includes a step of
causing a polysaccharide derivative (hereinafter, referred to
as a “raw material polysaccharide derivative”) being a raw
material containing a structure in which hydrogen atoms of
hydroxyl groups or amino groups at the 2-position and the
3-position in a structural unit of the polysaccharide are
substituted with monovalent groups identical to each other
represented by the above general formula (1) to react with a
compound represented by the following general formula (3):

R>—NCO 3)

to thereby substitute one of the monovalent groups repre-
sented by the above general formula (1) with which hydro-
gen atoms of hydroxyl groups or amino groups at the
2-position and the 3-position have been substituted, with a
monovalent group represented by the above general formula
(2). In the formula (3), R? has the same definition as the R>
in the general formula (2).

In the production method according to the present
embodiment, more specifically, a polysaccharide derivative
as a raw material is first prepared. The polysaccharide
derivative as a raw material may be synthesized by a known
method using a polysaccharide already described in detail as
a raw material, or may be a commercially available product.
The polysaccharide derivative as a raw material is preferably
cellulose derivatives and amylose derivatives, and more
preferably cellulose derivatives, from the viewpoint of
speedily and securely obtaining a target polysaccharide
derivative.

Examples of the polysaccharide derivative as a raw mate-
rial include cellulose tris(3,5-dichlorophenylcarbamate),
cellulose tris(3,5-dimethylphenylcarbamate), cellulose tris-
phenylcarbamate, cellulose tris(4-methylphenylcarbamate)
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and cellulose tris(4-chlorophenylcarbamate). Among these,
cellulose tris(3,5-dichlorophenylcarbamate) and cellulose
tris(3,5-dimethylphenylcarbamate) are preferable, and from
the viewpoint of speedily obtaining a target polysaccharide
derivative, cellulose tris(3,5-dichlorophenylcarbamate) is
more preferable.

Then, the polysaccharide derivative as a raw material is
caused to react with a compound represented by the above
general formula (3) (hereinafter, referred to as a “predeter-
mined isocyanate”). Thereby, the polysaccharide derivative
according to the present embodiment can be synthesized by
substituting one of the monovalent groups represented by
the above general formula (1) with which the hydrogen
atoms of the hydroxyl or amino groups at the 2-position and
the 3-position have been substituted, with a monovalent
group represented by the above general formula (2). Since
this reaction is an equilibrium reaction between a carbamate
and an isocyanate, the amount of the monovalent group
represented by the above general formula (2) to be substi-
tuted can be controlled by regulating the amount of a
predetermined isocyanate to be used, a solvent, the reaction
temperature and the reaction time.

For example, a case where a cellulose tris(3,5-dichloro-
phenylcarbamate) as the polysaccharide derivative as a raw
material and 3,5-dimethylphenyl isocyanate as the predeter-
mined isocyanate are used will be described. The cellulose
tris(3,5-dichlorophenylcarbamate) is dissolved in a mixed
solvent of DMA/pyridine/LiCl; and an excessive amount of
3,5-dimethylphenyl isocyanate with respect to a 3,5-dichlo-
rophenylcarbamoyl group in the cellulose tris(3,5-dichloro-
phenylcarbamate) is added to the mixture, and is caused to
react, for example, at 80° C. Thereby, the 3,5-dichlorophe-
nylcarbamoyl group is substituted with a 3,5-dimethylphe-
nylcarbamoyl group. At this time, along with lapse of time,
the substitution of the 3,5-dichlorophenylcarbamoyl group is
initiated at the 6-position, and the substitution of the 3,5-
dichlorophenylcarbamoyl group is then initiated at the 3-po-
sition and the 2-position in this order. As a result, a poly-
saccharide derivative is obtained which contains a structure
in which a hydrogen atom of the hydroxyl group at the
2-position in the structural unit of the cellulose is substituted
with a 3,5-dichlorophenylcarbamoyl group, and a hydrogen
atom of the hydroxyl group at the 3-position is substituted
with a 3,5-dimethylphenylcarbamoyl group, and/or a struc-
ture in which a hydrogen atom of the hydroxyl group at the
2-position in the structural unit of the cellulose is substituted
with a 3,5-dimethylphenylcarbamoyl group, and a hydrogen
atom of the hydroxyl group at the 3-position is substituted
with a 3,5-dichlorophenylcarbamoyl group.

Further for example, a case where a cellulose tris(3,5-
dimethylphenylcarbamate) as the polysaccharide derivative
as a raw material and 3,5-dichlorophenyl isocyanate as the
predetermined isocyanate are used will be described. The
cellulose tris(3,5-dimethylphenylcarbamate) is dissolved in
a mixed solvent of DMA/pyridine/LiCl; and an excessive
amount of 3,5-dichlorophenyl isocyanate with respect to a
3,5-dimethylphenylcarbamoyl group in the cellulose tris(3,
5-dimethylphenylcarbamate) is added to the mixture, and is
caused to react, for example, at 80° C. Thereby, the 3,5-
dimethylphenylcarbamoyl group is substituted with a 3,5-
dichlorophenylcarbamoyl group. At this time, along with a
lapse of time, the substitution of the 3,5-dimethylphenylcar-
bamoyl group is initiated at the 6-position, and the substi-
tution of the 3,5-dimethylphenylcarbamoyl group is then
initiated at the 3-position and the 2-position in this order. As
a result, a polysaccharide derivative is obtained which
contains a structure in which a hydrogen atom of the
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hydroxyl group at the 2-position in the structural unit of the
cellulose is substituted with a 3,5-dimethylphenylcarbamoyl
group, and a hydrogen atom of the hydroxyl group at the
3-position is substituted with a 3,5-dichlorophenylcarbam-
oyl group, and/or a structure in which a hydrogen atom of
the hydroxyl group at the 2-position in the structural unit of
the cellulose is substituted with a 3,5-dichlorophenylcar-
bamoyl group, and a hydrogen atom of the hydroxyl group
at the 3-position is substituted with a 3,5-dimethylphenyl-
carbamoyl group.

A solvent used in the above reaction is not particularly
limited as long as it is a solvent which dissolves the
polysaccharide derivative as a raw material, and examples
include amide-based solvents such as DMAc and DMEF,
pyridine-based solvents such as pyridine and quinoline,
dimethyl sulfoxide, and mixed solvents thereof. The solvent
may contain an ionic compound promoting the dissolution
of'the polysaccharide derivative as a raw material. Examples
of such an ionic compound include lithium halides such as
LiCl and LiBr. The reaction temperature and the reaction
time may be regulated as desired.

The polysaccharide derivative according to the present
embodiment can be used by being contained in a separating
agent, and can be used particularly for a separating agent for
optical isomers. The separating agent for optical isomers
may be constituted only of the polysaccharide derivative
according to the present embodiment, of a carrier such as
silica gel and the polysaccharide derivative according to the
present embodiment carried on the carrier, of an integral
type to be integrally stored in a column, or in the form of
particles to be packed in a column.

The separating agent for optical isomers is produced as in
the case of known separating agents for optical isomers
containing polysaccharide derivatives, except for using the
polysaccharide derivative according to the present embodi-
ment. More specifically, a separating agent for optical iso-
mers can be produced by making the polysaccharide deriva-
tive according to the present embodiment carried on a
carrier, or pulverizing the polysaccharide derivative itself or
forming it into spherical particles by a known method (for
example, a method described in Japanese Patent Application
Laid-Open No. 7-285889). “Carrying” used here refers to a
state where the polysaccharide derivative is immobilized on
the carrier. As a carrying method, known carrying methods
can be applied; and methods can be applied such as the
physical adsorption between the polysaccharide derivative
and the carrier, the chemical bond between the polysaccha-
ride derivative and the carrier, the chemical bond between
polysaccharide derivatives, the chemical bond between one
of or both of the polysaccharide derivative and the carrier
and the third component, the light irradiation to the poly-
saccharide derivative, and a radical reaction (see, for
example, Japanese Patent Application Laid-Open No.
6-93002).

Examples of the carrier include porous organic carriers
and porous inorganic carriers, and the porous inorganic
carrier is preferable. The average pore diameter of the
porous carrier is preferably 1 nm to 100 um, and more
preferably 5 nm to 5 pm. Suitable porous organic carriers are
polymeric substances composed of, for example, polysty-
rene, polyacrylamide and polyacrylate; and suitable porous
inorganic carriers are, for example, silica, alumina, zirconia,
magnesia, glass, kaolin, titanium oxide, silicate salts and
hydroxyapatite. The forms of the above porous inorganic
carriers may be not only particulate carriers, but also net-
work inorganic carriers like organic mineral composites, and
cylindrical monolithic inorganic carriers held in columns,
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10
described in Japanese Patent Application Laid-Open Nos.
2005-17268 and 2006-150214.

A particularly preferable carrier is silica gel, and the
average particle diameter of the silica gel is preferably 1 um
to 1 mm, more preferably 1 um to 300 um, and still more
preferably 1 um to 100 um. The carrier may be subjected to
a pre-treatment for improving the affinity of the carrier for
the polysaccharide derivative or for improving the surface
characteristics of the carrier itself. A method of treating the
surface of the carrier is, for example, silane finishing with an
organic silane compound or a surface treatment method by
plasma polymerization. The amount of the polysaccharide
derivative carried on a carrier is preferably 1 to 100 parts by
mass, more preferably 5 to 60 parts by mass, and particularly
preferably 10 to 40 parts by mass, based on 100 parts by
mass of the separating agent for optical isomers.

The polysaccharide derivative according to the present
embodiment can be used also for the separation of, for
example, diastereomers, in addition to the usage as a sepa-
rating agent for optical isomers.

EXAMPLES

Hereinafter, the present invention will be described in
more detail by way of Examples, but the present invention
is not limited to these Examples.

Example 1

First, cellulose tris(3,5-dichlorophenylcarbamate) was
synthesized according to the method described in Y. Oka-
moto, M. Kawashima and K. Hatada, J. Chromatogr., 363,
173 (1986). A 'H-NMR spectrum chart (500 MHz) thereof
is shown in FIG. 1.

Then, 1.2 g (1.65 mmol) of the obtained cellulose tris(3,
5-dichlorophenylcarbamate) was dried at 80° C. for 5 hours
in a depressurized two-necked flask in an oil bath. Then, 36
mL of dried DMAc was added into the flask over 12 hours;
2.4 g of LiCl was further added into and stirred in the flask
at room temperature for 2 hours; and finally, 16.8 mL of
dried pyridine was added into and stirred in the flask at 80°
C. for 4 hours. A solution was thus obtained in which the
cellulose tris(3,5-dichlorophenylcarbamate) was homoge-
neously dissolved in a mixed solvent of DMAc/LiCl/pyri-
dine.

Then, 9.6 mL (68.23 mmol) of 3,5-dimethylphenyl iso-
cyanate was added to the solution, and caused to react at 80°
C. for 48 hours under light shielding by an aluminum foil
and a dried nitrogen atmosphere. The reaction scheme
thereof is shown below. During the reaction, in order to
check a reaction product at each reaction time described
later, a part of the solution was taken and added to methanol
to thereby cause a precipitate of a cellulose derivative to be
produced. For the cellulose derivative further having been
subjected to filtration, methanol washing and drying, the
content of a 3,5-dimethylphenylcarbamoyl group (DMPC),
and the ratios of a 3,5-dimethylphenylcarbamoyl group
(DMPC) and a 3,5-dichlorophenylcarbamoyl group (DCPC)
at the 2-position, 3-position and 6-position in the structural
unit of the cellulose derivative were analyzed by '"H-NMR
and calculated. The results are shown in Table 1. '"H-NMR
spectrum charts (500 MHz) of the reaction products during
the reaction (20 min, 1 hour, 2 hours, 3 hours, 5 hours, 7
hours, 9 hours, 11 hours and 13 hours after the start of the
reaction) are shown in FIGS. 2 to 9, respectively.



US 9,458,186 B2

[Formula 1]
OCONHR? 2
1. DMA, 36 mL, 80° C., 12 h OCONHR” or OH
2.LiClL 24 g rt,2h
3. pyridine, 16.8 mL, 80° C., 4 h
2 o\)\ il Q \)\ + R*—NCO
0
n "
2
RZHNOCO OCONHR HO or RZHNOCO OCONHR? or OH
CDCPC (1.2 g, 1.65 mmol)
R!—NCO

R! or R”ZHNOCO

CH, cl
Rl= R2=
CH, cl
TABLE 1
Content of DCPC:DMPC DCPC:DMPC DCPC:DMPC
DCPC of 2-Position of 3-Position of 6-Position
(mol %) (molar ratio) (molar ratio) (molar ratio)
Before 100 100:0 100:0 100:0
Reaction
20 min 97.1 100:0 100:0 91:9
1 hour 84.8 100:0 92:8 62:38
2 hours 56.8 98:2 68:32 19:81
3 hours 37.9 77:23 38:62 0:100
5 hours 27.3 56:44 20:80 0:100
7 hours 19.0 45:55 14:86 0:100
9 hours 17.9 33:67 14:86 0:100
11 hours 7.1 25:75 2:98 0:100
13 hours 3.8 14:86 0:100 0:100
24 hours 0 0:100 0:100 0:100
48 hours 0 0:100 0:100 0:100
Example 2

First, cellulose tris(3,5-dimethylphenylcarbamate) was
synthesized according to the method described in Y. Oka-
moto, M. Kawashima and K. Hatada, J. Chromatogr., 363,
173 (1986). A 'H-NMR spectrum chart (500 MHz) thereof
is shown in FIG. 10.

Then, 1.2 g (1.99 mmol) of the obtained cellulose tris(3,
5-dimethylphenylcarbamate) was dried at 80° C. for 5 hours
in a depressurized two-necked flask in an oil bath. Then, 36
mL of dried DMAc was added into the flask over 12 hours;
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©.6mL, 68.2 mmo/

OCONHR? or R!

(6]
O
n

OCONHR? or R!

2.4 g of LiCl was further added into and stirred in the flask
at room temperature for 2 hours; and finally, 16.8 mL of
dried pyridine was added into and stirred in the flask at 80°
C. for 4 hours. A solution was thus obtained in which the
cellulose tris(3,5-dimethylphenylcarbamate) was homoge-
neously dissolved in a mixed solvent of DMAc/LiCl/pyri-
dine.

Then, 5.6 g (26.60 mmol) of 3,5-dimethylphenyl isocya-
nate was added to the solution, and caused to react at 80° C.
for 48 hours under light shielding by an aluminum foil and
a dried nitrogen atmosphere. The reaction scheme thereof is
shown below. During the reaction, in order to check a
reaction product at each reaction time described later, a part
of the solution was taken and added to methanol to thereby
cause a precipitate of a cellulose derivative to be produced.
For the cellulose derivative further having been subjected to
filtration, methanol washing and drying, the content of a
3,5-dimethylphenylcarbamoyl group (DMPC), and the
ratios of a 3,5-dimethylphenylcarbamoyl group (DMPC)
and a 3,5-dichlorophenylcarbamoyl group (DCPC) at the
2-position, 3-position and 6-position in the structural unit of
the cellulose derivative were analyzed by 'H-NMR and
calculated. The results are shown in Table 2. 'H-NMR
spectrum charts (500 MHz) of the reaction products during
the reaction (30 min, 1 hour, 2 hours, 3 hours, 5 hours, 7
hours, 9 hours, 11 hours and 13 hours after the start of the
reaction) are shown in FIGS. 11 to 18, respectively.
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OCONHR! or OH

R!I—NCO

[Formula 2]
OCONHR!
1.DMA, 36 mL, 80°C., 12 h
2.LiCl, 24 g rt,2h
fo) 3. pyridine, 16.8 mL, 80°C.,4h
e}
n
R'HNOCO OCONHR!

CDMPC (1.2 g, 1.99 mmol)

R? or R'HNOCO

CH, Cl
Rl = R2=
CH, cl
TABLE 2
Content of DCPC:DMPC DCPC:DMPC DCPC:DMPC
DCPC of 2-Position of 3-Position of 6-Position
(mol %) (molar ratio) (molar ratio) (molar ratio)
Before 0 0:100 0:100 0:100
Reaction
30 min 18.9 17:83 0:100 37:63
1 hour 23.0 23:77 1:99 43:57
2 hours 28.6 32:68 8:92 44:56
3 hours 28.1 44:56 7:93 43:57
5 hours 33.0 43:57 5:95 43:57
7 hours 331 40:60 14:86 44:56
9 hours 30.5 41:59 8:92 47:53
11 hours 31.1 34:66 16:84 41:59
13 hours 35.8 42:58 17:83 47:53
Example 3

First, 2.5 g of cellulose was dissolved in a mixed solvent
of DMACc/LiCl/pyridine (mixing ratio: 7.5 mL/0.5 g/3.75
mL). Then, 0.53 g of 3,5-dichlorophenyl isocyanate was
added thereto, and caused to react at 80° C. for 12 hours
under a dried nitrogen atmosphere. Then, 2 mL (14.2 mmol)
of 3,5-dimethylphenyl isocyanate was added, and succes-
sively caused to react at 80° C. for 12 hours under a dried
nitrogen atmosphere. The obtained reaction product (cellu-
lose derivative) was caused to precipitate in methanol, and
further subjected to filtration, methanol washing and drying
to be thereby purified. A 'H-NMR spectrum chart (500
MHz) of the reaction product is shown in FIG. 19. The molar
ratio of DMPC and DCPC in the reaction product was 83:17.
The ratios of DCPC at the 2-position (b), the 3-position (c)
and the 6-position (a) were found to be nearly the same.

Example 4

First, 2.5 g of cellulose was dissolved in a mixed solvent
of DMACc/LiCl/pyridine (mixing ratio: 7.5 mL/0.5 g/3.75
mL). Then, 1.35 g of 3,5-dichlorophenyl isocyanate was
added thereto, and caused to react at 80° C. for 39 hours
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HO or RIHNOCO OCONHR! or OH

RZ—NCO

(5.0g,26.6 mmol)/

OCONHR! or R?

(6]
O
n

OCONHR! or R?

under a dried nitrogen atmosphere. Then, 2 mL (14.2 mmol)
of 3,5-dimethylphenyl isocyanate was added, and succes-
sively caused to react at 80° C. for 24 hours under a dried
nitrogen atmosphere. The obtained reaction product (cellu-
lose derivative) was caused to precipitate in methanol, and
further subjected to filtration, methanol washing and drying
to be thereby purified. A 'H-NMR spectrum chart (500
MHz) of the reaction product is shown in FIG. 20. The molar
ratio of DMPC and DCPC in the reaction product was 73:27.
The ratios of DCPC at the 2-position (b), the 3-position (c)
and the 6-position (a) were found to be 36:15:49.

Reaction schemes of the above Example 3 (Run 1) and
Example 4 (Run 2) are shown below.

Scheme 3. Synthesis of cellulose derivatives by exchange reaction.

[Formula 3]

OH

1. DMAr, 80° C.
e} 2. LiCl, rt.
0 Y o
” 3. pyridine, 80° C.
HO oI 4. R1—NCO, 80° C.
cellulose

OCONHR! or OH

(6]
O
n

HO or RIHINOCO OCONHR! or OH

5. R2—NCO, 80° i/

OCONHR! or R?

(6]
O
n

R2 or RIENOCO OCONHR! or R?
(Run 1, Run 2)



US 9,458,186 B2

15

-continued
CH,

Cl

Optical resolving powers of HPLC columns packed with
the cellulose derivatives obtained in Examples 3 and 4 were
evaluated by optical resolution of racemates 1 to 7 whose
structural formulae are shown below. A silica gel (average
particle diameter: 7 um, average pore diameter: 100 nm) was
coated with the cellulose derivative of Example 3 or 4 by the
method described in Y. Okamoto, M. Kawashima and K.
Hatada, J. Chromatogr., 363, 173 (1986), and packed in a
column (25 cm in lengthx0.20 cm in inner diameter) to
thereby obtain an HPL.C column. The results of TG analysis
revealed that the silica gel was coated with 25.0% by mass
of'the cellulose derivative of Example 3, and with 23.5% by
mass of the cellulose derivative of Example 4. The number
of plates of the HPL.C column was about 2,000.

[Formula 4]

2
Ph—TH—C—Ph
OH O
3
(€]
% .Ph
4
Q :
5
Co(acac)s
6
(€]
O Ph
7
i: CONHPh
CONHPh
Here, “acac” represents acetylacetonate, and “Ph” repre-
sents a phenyl group.

As an eluent, a mixed solvent of n-hexane and 2-propanol
(volume ratio=9:1) was used, and the optical resolving
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power of the HPLC column was examined under the con-
dition of a flow volume of 0.1 ml/min and a column
temperature of 20° C. The results are shown in Table 3. The
results of the optical resolving powers of cellulose tris(3,5-
dimethylphenylcarbamate)(CDMPC) and cellulose tris(3,5-
dichlorophenylcarbamate) (CDCPC) described in Y. Oka-
moto, M. Kawashima and K. Hatada, J. Chromatogr., 363,
173 (1986) as references are together shown in Table 3.

TABLE 3
Run 19 Run 29 CDMPC? CDCPC»
RZ_NHOCO—, %
Race- 17.3% 26.8% 0% 100%
mates k' [¢3 k' [¢3 k' [¢3 k' [¢3
1 090 (+) 1.18 0.52(+) 142 097 (+) 132 0.87 (+) 1.65
2 221(+) 1.60 1.51(+) 1.29 243 (+) 1.58 3.08(-) 1.21
30 1.02(-) 114 095 (=) ~1 1.17 (<) 1.15 2.65(-) 1.26
4 1.67(-) 225 070(-) 199 2.13(-) 259 028 (-) 1.38
5 031(-) 123 034(-) ~1 042 (+) ~1  076(+) 1.8
6 1.14(-) 140 0.83(-) 121 1.47(-) 1.41 135(-) 120
7 072(+) 1.64 054 (+) 144 0.83 (+) 3.17 059 (+) 1.41
Sk, 797 344 539 253 942 422 978 293
or
2a-7

From the results, it is found that for racemates other than
racemate 1, the HPL.C column relevant to Example 3 exhib-
ited a better optical resolving power than the HPL.C column
relevant to Example 4. It is also found that for racemate 2,
the HPLC column relevant to Example 3 exhibited a better
optical resolving power than cellulose tris(3,5-dimethylphe-
nylcarbamate) and cellulose tris(3,5-dichlorophenylcarbam-
ate). The polysaccharide derivative according to the present
invention was thus found to be able to function as a novel
separating agent for optical isomers and exhibit an optical
resolving power of great interest.

INDUSTRIAL APPLICABILITY

The polysaccharide derivative according to the present
invention has industrial applicability in separating agents
including separating agents for optical isomers.

The invention claimed is:

1. A method of producing a product polysaccharide
derivative having a structure in which a hydrogen atom of a
hydroxyl group or an amino group at the 2-position in a
structural unit of a polysaccharide is substituted with a
monovalent group represented by the following general
formula (1) and a hydrogen atom of a hydroxyl group or an
amino group at the 3-position in the structural unit is
substituted with a monovalent group represented by the
following general formula (2)

RL-NH—CO— 1)

R>—NH—CO— )

where R! and R? represent aryl groups substituted with one
or more substituents selected from the group consisting of
hydrocarbon groups that have 1 to 12 carbon atoms, which
may optionally contain a hetero atom, a cyano group,
halogen atoms, a hydroxy group, a nitro group, an amino
group, and amino groups having alkyl groups having 1 to 8
carbon atoms as substituents or unsubstituted aryl groups,
R! and R? being different from each other, comprising the
steps of:
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preparing a solvent mixture comprising a solvent, a raw
material polysaccharide derivative in which hydrogen
atoms of hydroxyl groups or amino groups at the
2-position, 3-position and 6-position in a structural unit
of the polysaccharide are substituted with monovalent 5
groups identical to each other represented by formula
(1), and an ionic compound for promoting the disso-
Iution of the raw material polysaccharide derivative in
the solvent; and

bringing the solvent mixture into contact with a com- 10
pound represented by the following general formula (3)
to substitute one of the monovalent groups represented
by general formula (1) with a monovalent group rep-
resented by general formula (2) to form the product
polysaccharide derivative, 15

R>—NCO 3).



